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1 The concept that nitric oxide (NO) release can be beneficial in inflammatory conditions has raised
more attention in the recent years, particularly with the development of nitric oxide-releasing anti-
inflammatory drugs. There is considerable evidence that NO is capable of enhancing the anti-
inflammatory benefits of conventional anti-inflammatory drugs.

2 Since hydrocortisone is the most widely used anti-inflammatory drug for the treatment of skin
inflammation, we compared the anti-inflammatory effects of hydrocortisone to an NO-releasing
derivative of hydrocortisone, NCX 1022, in a murine model of irritant contact dermatitis, induced
by epidermal application of benzalkonium chloride.

3 Topical pre- and post-treatment with NCX 1022 (3 nmol) in C57BL6 mice not only reduced ear
oedema formation in a dose-dependent manner, but also was significantly more effective than the
parent compound during the initial stages of inflammation (from 1 to 5 h). NCX 1022, but not
hydrocortisone, significantly inhibited granulocyte recruitment (tissue myeloperoxidase activity).
Histological samples of mouse ears treated with NCX 1022 showed significant reduction in both the
number of infiltrated cells and disruption of the tissue architecture compared to hydrocortisone-
treated tissues.

4 With intravital microscopy, we observed that both pre- and post-treatments with NCX 1022 were
more effective than hydrocortisone in terms of inhibiting benzalkonium chloride-induced leukocyte
adhesion to the endothelium, without affecting the flux of rolling leukocytes or venule diameter.

5 These results suggest that by releasing NO, NCX 1022 modulates one of the early events of skin
inflammation: the recruitment of leukocytes to the site of inflammation. Overall, we have shown that
NO-hydrocortisone provided faster and greater protective effects, reducing major inflammatory
parameters (leukocyte adhesion and recruitment, oedema formation, tissue disruption) compared
to its parental compound.
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Introduction

Topical treatment with glucocorticoids (GCs) in general and

hydrocortisone in particular constitutes the most common

form of treatment for inflammatory dermatological disorders

(Ahluwalia, 1998). The anti-inflammatory effects of GCs start

by interaction with the glucocorticoid receptor, resulting in

the formation of glucocorticoid–glucocorticoid receptor com-

plex, which translocates to the nucleus. This complex can then

modulate inflammatory responses through several different

mechanisms: (i) by interacting with specific DNA sequences,

known as glucocorticoid responsive elements (GRE), for

activation or repression of genes; (ii) via protein–protein

interaction, inhibiting the activities of various pro-inflamma-

tory transcriptional factors such as activator protein-1 (AP-1)

and the nuclear factor (NF)-kB; or (iii) by enhancing the

degradation of specific mRNAs (DiDonato et al., 1996;

Saklatvala, 2002). Through these mechanisms, GCs are able

to inhibit the synthesis of most of the pro-inflammatory

mediators (examples include pro-inflammatory cytokines, adhe-

sion molecules, cyclooxygenases, phospholipases A2, chemo-

kines), and to promote the synthesis of anti-inflammatory

molecules such as annexin 1, secretory leukocyte inhibitory

protein, interleukin-1 receptor antagonist, and IkBa (Goulding

et al., 1998; Perretti & Ahluwalia, 2000). However, steroid

action is not limited to molecules involved in inflammation,

and long-term use of GCs is associated with multiple side

effects on metabolism, hypothalamopituitary axis (HPA)

function, and cell growth. Although suppression of HPA

function is negligible with topical administration of low doses

*Author for correspondence at: Department of Pharmacology and
Therapeutics, Faculty of Medicine, University of Calgary, 3330
Hospital Dr. NW, Calgary, Alberta, T2N4N1 Canada;
E-mail: nvergnol@ucalgary.ca
Advance online publication: 16 August 2004

British Journal of Pharmacology (2004) 143, 618–625 & 2004 Nature Publishing Group All rights reserved 0007–1188/04 $30.00

www.nature.com/bjp



of GCs on the skin, this effect may occur with higher doses

(Ellison et al., 2000). Moreover, a strong allergic potential of

topical GCs has been described in the skin of patients who

need chronic GC treatments (Leung & Bieber, 2003).

Other side effects of skin exposure to GCs include visual loss

with increased risk for glaucoma (Aggarwal et al., 1993), or

development of Cushing syndrome (Teelucksingh et al., 2002),

and skin atrophia. Thus, the generation of modified GC’s

with reduced side effects and higher potency will have im-

portant clinical benefits. The recent development of nitric

oxide (NO)-releasing anti-inflammatory drugs has highlighted

the important therapeutic benefits of modulating NO

pathways. Recently, a derivative of prednisolone, NCX 1015,

has been shown to be a more potent anti-inflammatory agent

than its parent compound in different models (Paul-Clark

et al., 2000). In a rodent model of collagen-induced arthritis,

and in acute peritonitis, NCX 1015 was shown to reduce

inflammation with minimal side effects as compared to

prednisolone (Paul-Clark et al., 2000; 2002). The studies

performed with NCX 1015 suggested that a new class of

glucocorticoids, the nitro-steroids, were endowed with en-

hanced anti-inflammatory properties and reduced side effects

(Perretti et al., 2003). Considering that corticosteroids in

general, and hydrocortisone in particular, represent the

treatment of choice for most of the inflammatory diseases of

the skin, there is a strong need to access the potential

properties of nitro-steroids in skin inflammation.

The aim of this study was to compare the efficacy of NO-

hydrocortisone, NCX 1022, to its parent compound at

inhibiting inflammatory processes in a model of acute toxic

contact dermatitis. In order to monitor cutaneous inflamma-

tion, we measured tissue myeloperoxidase (MPO) activity as

an index of granulocyte infiltration, we also measured oedema

formation and performed histological analysis of the tissue to

evaluate morphological changes. Finally, we used intravital

microscopy to examine the effects of NCX 1022 and its parent

compound on leukocyte/endothelial cell interactions. We

investigated both preventive and curative properties of

hydrocortisone and NCX 1022.

Methods

Animals

Male C57BL6 mice (6–8-weeks old) were obtained from

Charles River Laboratories (Montreal, Quebec, Canada).

The mice were kept at room temperature and had free access

to food and water. The Animal Care and Ethic Committees of

the University of Calgary approved all experimental protocols,

which followed the guidelines of the Canadian Council on

Animal Care.

Chemicals

NCX 1022 (NO-hydrocortisone) and hydrocortisone were

obtained from NicOx (Sophia-Antipolis, France). Figure 1

refers to the chemical structures of NCX 1022 and hydro-

cortisone. Benzalkonium chloride was obtained from Sigma

(St Louis, U.S.A.). Diethylenetriamine-NONOate (DETA-

NONOate) was purchased from Caiman (Ann Arbor, MI,

U.S.A.).

Dermatitis induction and treatments

Irritant contact dermatitis was induced by applying 5%

benzalkonium chloride (Sigma, St Louis, MO, U.S.A.),

dissolved in olive oil : acetone (1 : 5 v v�1) on the surface of

either the dorsal aspect of both ears (20 ml per site), or on the

observed unshaved abdominal skin (intravital microscopy

experiments) as previously described (Seeliger et al., 2003).

Groups of mice (6–8-weeks old) have received topically (100 ml
per site applied directly on the skin) treatment with hydro-

cortisone (0.3, 3 or 30 nmol per site), NO-hydrocortisone (0.3,

3 or 30 nmol per site) or their vehicle (ethanol : sterile water

1 : 1), 15 min before (pre-treatment), or 5 min after (post-

treatment) the induction of irritant contact dermatitis (Yama-

guchi et al., 2000). Animals were treated with DETA-

NONOate (3 nmol) or its vehicle (ethanol : sterile water 1 : 1),

topically 5 min after benzalkonium chloride application. The

dose of DETA-NONOate was selected such that it could have

an equal number of NO-releasing moieties, on a molar basis,

to that of NCX 1022. DETA-NONOate spontaneously

releases NO in aqueous solution.

Ear oedema and MPO activity measurements

Using an electronic calliper (Mitutoyo, Canada, resolution

0.01mm), ear thickness was measured as a parameter for

oedema formation, before and hourly for 8 h, after contact

dermatitis induction. After the 8-h time-point measurements,

the mice were euthanized, the left ear was harvested for

histological examination, and the right ear was harvested for

MPO activity measurement as an index of granulocyte

infiltration. Tissues collected to measure MPO activity were

processed as previously described (Steinhoff et al., 2000; Cenac

et al., 2002). Briefly, tissue samples were cut into smaller pieces

and homogenized in a solution of 0.5% hexadecyltrimethyl-

ammonium bromide dissolved in phosphate buffer solution

(pH 6.0) for 1min. The homogenized tissues were centri-

fuged at 13,000� g for 2 min in a refrigerated centrifuge.

Supernatants were added to a buffer supplemented with

1% hydrogen peroxide, and O-dianisidine dihydrochloride
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Figure 1 Chemical structure of NCX 1022 (NO-hydrocortisone):
hydrocortisone 21-[40-(nitrooxymethyl) benzoate] (a) and hydro-
cortisone (b).
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solution into well plate. Optical density readings were taken

for 1min at 30 s interval at 450 nm.

Histology

The left ears of mice were fixed in 10% neutral buffered

formalin and embedded in paraffin. Sections of 6 mm were

cut and mounted on colourfrost microslide (VWR scientific,

Edmonton, AB, Canada). The sections were dried overnight

and stained with haematoxylin and eosin (H&E) in accordance

with classical methods of histology. Photographs of sections

representing each treatment group were taken using a SONY

DSC-S75 digital camera attached to a microscope (Zeiss).

Intravital microscopy experiments

C57BL6 male mice were anaesthetized by intraperitoneal (i.p.)

injection of a mixture of 10mg kg�1 xylazine (MTC Pharma-

ceuticals, Cambridge, Ontario, Canada) and 200mg kg�1

ketamine hydrochloride (Rogar/STB, London, Ontario, Ca-

nada). Intravital microscopy was performed on skin flaps,

the thickness of which does not permit visualizing leukocyte/

endothelial cells interaction by simple trans-illumination.

Therefore, after anaesthesia, mice received an intravenous

injection of a fluorescent dye, rhodamine 6G (Sigma, St Louis,

MO, U.S.A., 0.3mgkg�1). At this dose, rhodamine 6G labels

leukocytes and platelets, and has been shown to have no effect

on leukocyte kinetics (Nolte et al., 1994; Baatz et al., 1995).

Then, a midline abdominal incision was performed, from the

diaphragm, extending to the pelvic region. The skin was

carefully separated from the underlying tissue, but remained

attached laterally, so the blood supply to the skin flap

remained intact (Nolte et al., 1994; Hickey et al., 1999). The

skin flap was extended over a viewing pedestal to expose the

dermal microvasculature and secured along the edges using 4.0

sutures. The exposed dermal tissues were superfused with a

bicarbonate-buffered saline pH 7.4, to avoid tissue dehydra-

tion. The microcirculation was observed using an inverted

microscope (Nikon) with a � 20 objective lens, and rhodamine

6G allowed visualization and quantification of the number

of rolling and adherent leukocytes, by epi-illumination at

510–560 nm, using a 590-nm emission filter. Single unbranched

venules (20–40 mm in diameter) were selected for the study.

Images of the selected venule were recorded for 5min, after a

15-min equilibration period, and the end of this 5-min interval

was considered as time 0 (Vergnolle, 1999; Vergnolle et al.,

2002; Seeliger et al., 2003). Leukocyte adherence was

determined upon video playback, on 100mm vessel length. A

leukocyte was considered adherent to the endothelium if it

remained stationary for 30 s or more. Leukocyte flux was

defined as the number of leukocytes per minute moving at a

velocity less than that of erythrocytes, which passed a reference

point in the venule. The changes in flux of rolling leukocytes

were evaluated as differences between the number of rolling

leukocytes at each interval and the basal number of rolling

leukocytes.

Images of the selected venule were then recorded for 5min

before the induction of dermatitis, and then at different

intervals beginning 15, 30, 45, 60, 75, 90, and 120min after the

induction of contact dermatitis.

Statistical analysis

The results are expressed as mean7s.e.m. Statistical compar-

isons among groups were performed using a one-way analysis

of variance followed by the Student–Newman–Keuls test,

where a probability (P-value) of less than 0.05 was considered

to be significant.

Results

Effects of preventive treatment with hydrocortisone
and NCX 1022 on the development of dermatitis

Epidermal application of benzalkonium chloride to mouse ear

provoked skin inflammation characterized by two of the main

features of inflammation: swelling (oedema) and increased

granulocyte infiltration, as measured by increased MPO

activity (Figure 2a–c). Hydrocortisone pre-treatment (3 nmol

per ear) significantly reduced ear oedema formation from 5h

after the induction of dermatitis until 8 h. In mice that had

received a pre-treatment with NCX 1022 (3 nmol per ear),

oedema formation was significantly reduced as early as the

first hour after the induction of dermatitis, and this reduction

was still significant 8 h later (Figure 2a, b). The inhibition of

irritant dermatitis-induced oedema by NCX 1022 was sig-

nificantly greater as compared to the effects of hydrocortisone

in the initial phase of inflammation (for the first 3 h).

While benzalkonium chloride-induced contact dermatitis

caused a significant increase in granulocyte infiltration in

mouse ear, hydrocortisone pre-treatment failed to reduce this

infiltration of inflammatory cells. However, NO-hydrocorti-

sone pre-treatment significantly reduced MPO activity in

mouse ear after the induction of dermatitis (Figure 2c).

Effects of curative treatment with hydrocortisone
and NCX 1022 on the development of dermatitis

Similar to pre-treatment, post-treatment (5min after dermati-

tis induction) with hydrocortisone started to significantly

reduce ear oedema formation only 5 h after the induction of

dermatitis, while NCX 1022 was effective as soon as the first

hour (Figure 3a, b). Comparing Figure 2a, b and Figure 3a, b,

it is interesting to note that curative treatment with NCX 1022

seems to be even more effective than preventive treatment to

reduce the formation of oedema. The benzalkonium-induced

increase in ear thickness was inferior to 0.04mm in mice post-

treated with NCX 1022, while it could reach 0.1mm in mice

that have received a pre-treatment with NCX 1022. The

inhibitory effects of NCX 1022 on oedema formation were

dose-dependent (0.3–30 nmol per ear), as shown in Figure 3c,

and lasted for at least 8 h (Figure 3a, b).

Post-treatment with hydrocortisone did not modify the

increased granulocyte infiltration induced by benzalkonium

application, but NCX 1022 reduced by 63% the MPO activity

(Figure 3d), producing a maximum effect at the dose of 3 nmol

per ear (dose-response not shown).

Post-treatments with both hydrocortisone and NCX 1022

were more effective at reducing dermatitis-induced oedema

than pre-treatments, the increased ear thickness being back

to normal values for both drugs given 5 h after dermatitis
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induction. Hence, NCX 1022 was more effective and acted

earlier than its parent compound.

Post-treatment with the NO donor DETA-NONOate had

no effect on the dermatitis-induced generation of ear oedema

(Figure 3e) or granulocyte infiltration, as observed by similar

MPO levels in vehicle or NONOate-treated mice (Figure 3f).

Effects of hydrocortisone and NO-releasing
hydrocortisone on tissue architecture

As illustrated in Figure 4, the induction of dermatitis (8-h time

point) caused large tissue disruption and inflammatory cell

infiltration (arrow heads in panel b) compared to normal

tissues (panel a). Tissues from mice that had received pre- or

post-treatment with hydrocortisone (Figure 4, panels c and d,

respectively) showed very slight reduction of tissue architecture

disruption (arrows) compared to vehicle-treated mouse ears

(Figure 4, panel b), and still a large infiltration of inflamma-

tory cells. In contrast, 8 h after the induction of dermatitis, the

architecture of conjunctive tissues from mice treated with

NCX 1022 (Figure 4, panels e and f), was less disrupted than

what was observed in vehicle- or hydrocortisone-treated mouse

ears. In the case of post-treatment with NCX 1022 (Figure 4,

panel f), the histological appearance of tissues was very similar

to that of naı̈ve mice (Figure 4, panel a), and no clear

inflammatory cell infiltration was observed.

Effects of NCX 1022 and hydrocortisone on vessel
diameter, leukocyte rolling, and adhesion

In an attempt to elucidate the mechanism behind the anti-

inflammatory effects of NCX 1022, we used intravital

microscopy to test whether the movement of leukocytes was

modulated by NCX 1022 treatment. The induction of irritant

contact dermatitis on the abdominal skin of mice did not

provoke significant variations in flux of rolling leukocytes for

the first 120min (Figure 5a), but did provoke a significant

increase in the number of leukocytes adherent to the vessel wall

as compared to basal values (Figure 5b). Hydrocortisone pre-

treatment reduced contact dermatitis-induced increased leu-

kocyte adhesion from 50 to 90min after dermatitis induction

(Figure 5b), but had no significant effect on flux of rolling

leukocytes (Figure 5a). NCX 1022 was significantly more

potent than hydrocortisone in reducing contact dermatitis-

induced leukocyte adhesion, particularly at the early time

points (e.g., 30–60min after dermatitis induction; Figure 5b).

At each time point, NCX 1022 was able to keep the number of

adherent leukocytes similar to basal levels, completely

abolishing the effects of dermatitis on leukocyte/endothelium

adherence (Figure 5b). Like hydrocortisone, NCX 1022 had no

effect on flux of rolling leukocytes (Figure 5a). Vessel diameter

was not affected by benzalkonium treatment compared to

basal values (Figure 5c). Hydrocortisone and NCX 1022

treatments did not affect either venule diameter (Figure 5c).

Post-treatment with hydrocortisone reduced contact derma-

titis-induced increases in leukocyte adhesion to the vessel wall

(Figure 6b). However, NCX 1022 was significantly more

potent than hydrocortisone at reducing the number of

leukocytes adhering to the endothelial wall, keeping that level

similar to basal level (Figure 6b). As seen with pre-treatment,

vehicle, hydrocortisone, and NCX 1022 post-treatment had

no significant effect on flux of rolling leukocytes or vessel

diameter (Figure 6a, c). Comparing curative versus preventive

effects of hydrocortisone and NO-hydrocortisone, it appears

that for both drugs, curative treatment is more effective,

keeping the number of adherent leukocytes inferior to a

mean of 2.5 leukocytes per 100 mm vessel length (Figure 6b

compared to Figure 5b).

Discussion

NO is one of the most dynamic compounds affecting various

physiological and cellular processes in the body, and in

particular inflammatory processes (Knowles & Moncada,
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1994). Depending on the concentration of NO released into the

tissue microenvironment, and the type and stage of inflamma-

tion, NO seems to exhibit either anti- or pro-inflammatory

effects (Moncada et al., 1991; Moilanen & Vapaatalo, 1995;

Muijsers et al., 1997). It has been well documented that

excessive production of NO via iNOS is involved in the

pathogenesis of several inflammatory disorders, including

dermatitis (Ross et al., 1998; Sahin et al., 2001). On the other

hand, studies with iNOS-deficient mice indicated that the

production of NO might be needed as a protective factor in

various models of acute or chronic inflammation (McCafferty

et al., 1999; Kenyon et al., 2002). In a model of contact

hypersensitivity, inhibition of NO synthesis caused the release

of inflammatory mediators such as histamine and platelet-

activating factor (PAF) from mast cells (Kubes et al., 1993).

Further studies have shown that exogenous NO can modulate

leukocyte recruitment and mast cell-induced microvascular

permeability alterations, raising the possibility that the use of

NO donors may be a reasonable therapeutic approach to

reducing mast cell-dependent inflammation (Gaboury et al.,

1996). Anti-inflammatory drugs that have been modified to

include a NO-releasing moiety have been recently developed

and have shown enhanced anti-inflammatory activities to-

gether with reduced side-effects (Burgaud et al., 2002; Wallace

& Del Soldato, 2003).

Nitro-steroids such as NCX 1015 displayed enhanced

efficacy as an anti-inflammatory agent, without at least some

of the unwanted side effects associated with its parental

compound (Paul-Clark et al., 2000; 2002). Here, we have

examined NCX 1022, an NO-releasing derivative of hydro-

cortisone, for its anti-inflammatory effects in a model of acute

contact dermatitis. Our study shows that both pre- and post-

treatments with NCX 1022 significantly reduced the inflam-

matory response compared to hydrocortisone. These effects of

NCX 1022 were particularly prominent during the early phase

of inflammation (during the first 5 h) and affected both

oedema formation and granulocyte recruitment. The effects of

steroids in general, and the anti-inflammatory effects of

glucocorticoids in particular, are mediated through the

modulation of protein transcription (DiDonato et al., 1996;
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Saklatvala, 2002). Thus, the effects of hydrocortisone on

irritant contact dermatitis are somehow delayed, depending on

the fixation of hydrocortisone to the glucocorticoid receptor

and further modulation of transcriptional events. However,

NO has been shown to have a very rapid effect on several

inflammatory parameters including leukocyte recruitment

(Kubes et al., 1991; 1994). NO release from NO-hydrocorti-

sone might then be responsible for the immediate anti-

inflammatory effects observed in this dermatitis model.

Although hydrocortisone was effective at reducing derma-

titis-induced oedema, it only partially inhibited leukocyte

adhesion to the vessel wall (Figure 5b, 6b), and failed to inhibit

granulocyte recruitment to the site of inflammation, as

observed by the lack of effect of hydrocortisone on MPO

activity (see Figures 2c, 3d). Interestingly, the effects of

hydrocortisone on leukocyte adhesion to the vessel wall were

observed within minutes, suggesting that nongenomic mechan-

isms might be involved in this inhibitory process. Indeed,

nongenomic responses have been described for all classes of

steroids, they occur within minutes, are reversible immediately

following steroid removal, and are insensitive to blockers of

RNA transcription and translation (Wehling, 1997; Borski,

2000). However, such mechanism did not seem to be sufficient

for hydrocortisone to fully abolish leukocyte adherence (in

contrast to NCX 1022 which completely inhibited adherence),

and to further inhibit granulocyte recruitment to the site of

inflammation, as MPO was not reduced in hydrocortisone-

treated mice compared to vehicle-treated mice. Both pre- and

post-treatments with NO-hydrocortisone (NCX 1022) were

able to significantly reduce the MPO activity in ear tissues, 8 h

after the induction of dermatitis. This result suggests an

additional effect of NCX 1022 compared to hydrocortisone on

the recruitment of inflammatory cells. Indeed, the results

generated with intravital microscopy demonstrated a direct,

rapid (within seconds), and potent effect of NCX 1022, which

completely abolished the increased number of leukocyte

adherent to the vessel wall in this model of dermatitis (see

Figures 5, 6). Here again, this effect of NCX 1022 might be

attributed, at least in part, to the release of NO, since previous

studies have demonstrated inhibitory effects for NO donors

and endogenous NO on leukocyte/endothelium interactions

(Kubes et al., 1991; 1993; 1994; Gaboury et al., 1996) and

adhesion molecule expression (Khan et al., 1996). NO has also

been shown to modulate neutrophil functions such as
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Figure 4 Histological appearance of mouse ear (left ear), 8 h after
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1022 (panels e and f, respectively). Hydrocortisone and NCX 1022
were used at the dose of 3 nmol. Scale bar: 50 mm.
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Figure 5 Changes in flux of rolling leukocytes (a), number of
adherent leukocytes (b) or vessel diameter (c), in naı̈ve mice and
mice that had irritant contact dermatitis (þ Benz.) and that were
pre-treated with NCX 1022, hydrocortisone or their vehicle.
Hydrocortisone and NCX 1022 were used at the dose of 3 nmol.
Naı̈ve group n¼ 7; Vehicle þ Benz. group n¼ 8; Hydroc. þ Benz.
n¼ 8; NCX 1022. þ Benz. n¼ 9; *significantly different from
hydrocortisone-treated group (Po0.05), 1significantly different
from vehicle-treated group (Po0.05).
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chemotaxis and phagocytosis by stimulating ADP ribosylation

of actin (Clancy et al., 1995). No significant change in

leukocyte rolling between mice treated with NCX 1022 or

hydrocortisone was observed, suggesting that the expression of

E-, L- and P-selectins was unaffected by those treatments.

Histological examination of tissue samples taken 8 h after

induction of dermatitis revealed a strong correlation between

the reduction of tissue architecture destruction and a low

number of infiltrated inflammatory cells. This further suggests

that the mechanisms through which NCX 1022 reduces

more efficiently irritant contact dermatitis than hydrocorti-

sone, involves the inhibition of neutrophil adhesion and

recruitment.

Recently, a molecular mechanism involving the modula-

tion of glucocorticoid receptor binding and function by NO-

releasing glucocorticoid drugs has been proposed to explain

the enhanced therapeutic effects of NO-prednisolone (Paul-

Clark et al., 2003). In that study, the authors showed that

specific nitration of the glucocorticoid receptor by NO-pre-

dnisolone (NCX 1015) resulted in the enhancement of gluco-

corticoid receptor-mediated (i) binding to dexamethasone,

(ii) dissociation from heat shock protein 90, and (iii) nuclear

translocation. It is possible that NCX 1022, via release of NO,

is also capable of post-translational modification of the

glucocorticoid receptor, resulting in the enhancement of anti-

inflammatory activity in the present model of dermatitis. As

some of the effects of hydrocortisone, particularly on

leukocyte adhesion, might be mediated by nongenomic

mechanisms, it can also be hypothesized that NO released

from NCX 1022 can also enhance glucocorticoid nongenomic

effects. This potential synergestic effect of NO and hydro-

cortisone is further suggested in the present model by the fact

that an NO-donor alone had no effect on the development of

dermatitis in terms of oedema formation and granulocyte

recruitment (see Figure 3e, f). Similar findings in carrageenan-

induced inflammation of an airpouch in rats have been shown

for NO prednisolone: administration of DETA-NONOate

alone did not inhibit inflammatory cell recruitment, while co-

administration of DETA-NONOate and prednisolone resulted

in markedly reduced leukocyte infiltration (Turesin et al.,

2003).

In summary, we showed that an NO-releasing derivative of

hydrocortisone, NCX 1022, was more effective than hydro-

cortisone at reducing major inflammatory parameters (leuko-

cyte recruitment, oedema formation, tissue disruption), and

that the inhibitory effects of NCX 1022 on the development of

inflammation were observed several hours before that of

hydrocortisone. We have further shown, via intravital micro-

scopy, that the reduction in inflammatory parameters was in

part due to inhibition by NCX 1022 of neutrophil adhesion to

the endothelium. These results suggest that NCX 1022 could

be an attractive alternative to hydrocortisone for acute

dermatitis, being more potent and faster acting than its parent

compound.
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